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Common femoral vein dimensions and
hemodynamics including Valsalva response 
as a function of sex, age, and ethnicity in a
population study
Arnost Fronek, MD, PhD,a Michael H. Criqui, MD, MPH,b Julie Denenberg, MA,b and Robert D.
Langer, MD, MPH,b San Diego, Calif
Purpose: In this study we assessed the normal common femoral vein (CFV) dimensions and related hemodynamics in a
cohort assembled to permit contrasts by means of sex, age, and ethnicity.
Methods: The CFV diameter and the flow velocity were analyzed by means of duplex ultrasonography at rest and with
a standardized Valsalva maneuver, with the subject in a 15% reverse Trendelenberg position. Mean levels of each of the
CFV measurements were analyzed with age category, sex, and ethnicity, each adjusted for the other two. Multiple lin-
ear regression was used as a means of assessing the independent associations of age, sex, ethnicity, body mass index
(BMI), and height to the CFV measurements.
Results: The average CFV diameter at rest was 11.84 mm, increasing to 14.27 mm during the Valsalva maneuver. There
was a significant (P < .0001) decline in both diameter measures beginning in patients 60 years old. The CFV diameter was
larger in men (12.90 mm) than in women (11.22 mm; P < .0001). The average CFV diameter in Hispanics, Africian
Americans, and Asians was significantly smaller (P < .001) than in the non-Hispanic whites in multivarate analysis. The
independence of these associations was confirmed by means of multivariate analysis, and positive associations of CFV diam-
eter with height and BMI were documented. The Valsalva response was higher in men than in women (2.67 mm vs 2.29
mm), but the percentage change was similar. CFV velocity at rest decreased significantly (P < .0001) in patients older than
50 years. The mean CFV velocity was 13.87 cm/s, and the values were significantly (P < .0001) higher in women (14.58
cm/s) than in men (12.67 cm/s). In multivariate analysis CFV velocity was higher in African Americans than in the other
ethnic groups. We also documented an independent inverse association of CFV with BMI. The CFV velocity response (peak
expiration post-Valsalva) increased significantly at all ages, from 52% to 83%. The percentage increase in women (68%) was
slightly higher than that in men (58%). African American subjects had a somewhat higher percentage increase (74%) than
the other three ethnic groups (63% to 64%). Because the flow rate is determined more by the diameter than the velocity,
CFV flow associations were similar to those for diameter. Because an older age predicted both decreased diameter and veloc-
ity, the flow reduction with age was pronounced.
Conclusion: Quantitative normative data that are age-, sex-, and ethnic group-specific are reported on CFV diameter,
velocity, and total flow rate, both at rest and with the Valsalva maneuver. CFV diameter, velocity, and flow rate varied
significantly as a function of age, sex, ethnicity, height, and BMI. The data also provide a baseline assessment for sub-
sequent evaluations of changes with time in this cohort. (J Vasc Surg 2001;33:1050-6.)
The diagnosis of deep venous thrombosis (DVT) in
the lower extremities is currently established primarily
on the basis of duplex ultrasonography results. How-
ever, the direct visualization of the common iliac vein is
still not very satisfactory, and the diagnosis of DVT
relies mainly on indirect evidence on the basis of the
effect of induced changes in the common femoral vein
(CFV).1 The changes in diameter and flow velocity in
response to the Valsalva maneuver are considered to rep-
resent the most valuable ultrasonographic indices.2 The
absence of a respiratory velocity response and no change
in CFV diameter during the Valsalva maneuver do not
cause diagnostic dilemmas. Moderate changes, however,
can lead to ambiguous diagnostic conclusions, because
no reliable information is available about the range of
normal values obtained from a representative and suffi-
ciently large population sample.
Some information can be derived from “stress” condi-
tion studies influencing the CFV diameter (eg, by chang-
ing the position of the subject3-5), but no exact
information is available about the effect of a standardized
Valsalva maneuver on the CFV diameter or potential dif-
ferential effects with age, sex, or ethnicity.
Although Macchi et al6 found a significant difference
between CFV diameters in men and those in women,
JOURNAL OF VASCULAR SURGERY
Volume 33, Number 5 Fronek et al 1051
they could not attribute this difference to body surface
area, because in an earlier report they showed7 no corre-
lation between CFV diameter and body surface area in
their population.
In contrast, Mortensen et al8 reported highly signifi-
cant sex differences, which permitted the construction of
a nomogram relating vessel diameter and body size.
Some recent studies report vein diameters in the leg, but
do not report results according to sex, age, or ethnicity.1,2,9
Because of these contradictory reports and the lack
of information about normal values, we studied a cohort
of community volunteers assembled by means of a ran-
dom sampling within strata defined by means of sex, age,
and ethnicity.
METHODS
Current and retired employees of the University of
California, San Diego, were randomly selected by means
Fig 1. CFV diameter at rest.
Fig 2. CFV diameter during Valsalva maneuver.
of a computer within strata on the basis of sex, age, and
ethnicity, so that people of minority descent and women
would be oversampled to afford statistical power for
female-specific analyses and contrasts by means of ethnic-
ity. The study was approved by the Committee on Investi-
gations Involving Human Subjects of the University of
California, San Diego.
Four ethnic groups were evaluated: non-Hispanic white
(NHW), Hispanic, African American (AA), and Asian.
Their spouses or partners were also invited to participate.
The presence or absence of past or current venous dis-
ease was determined by means of history, clinical, and
duplex ultrasound scanning examinations. Of 2408 sub-
jects who were examined, 1600 subjects were considered
completely healthy bilaterally. Altogether, 3516 legs were
included in these analyses: the original number of normal
legs from 1600 healthy subjects, plus 316 normal legs
from patients with unilateral disease.
Venous duplex ultrasonography was performed. The
subject was positioned on a tilt table in a 15-degree reverse
Trendelenburg position, resting in a comfortable supine
position with the legs slightly flexed and in minimal exter-
nal rotation. An Acuson 128 duplex scanner with a 5-MHz
transducer (Mountain View, Calif) was used. After the out-
line of the CFV was identified, the vein diameter was mea-
sured wall-to-wall cross-sectionally with electronic
calipers. The Valsalva maneuver was performed by asking
the subject to blow into a manometer to reach 40 mm Hg
and to maintain this pressure for 3 seconds. To secure a
constant pressure, we inserted a small injection needle
(#25) into the tubing so that unintentional blocking of
the mouthpiece was immediately discovered. While the
subject was at rest, the CFV diameter was recorded for
the right side. The subject then performed the Valsalva
maneuver. Once the pressure had been stabilized for 3
seconds during the Valsalva maneuver, the diameter was
again recorded. The subject then relaxed, and the probe
was repositioned sagitally while the subject was at rest.
When the waveforms had stabilized, the technologist
recorded the resting CFV velocity on the right side. The
subject again performed the Valsalva maneuver. Once
the pressure had been stabilized for 3 seconds during
the Valsalva maneuver, the subject was asked to release
his or her breath. The technologist measured the peak
velocity at expiration. This procedure was then repeated
for the left side.
Fig 1 shows the cross-sectional measurement of the
diameter of the CFV with the patient at rest. Fig 2
shows the same diameter measurement during the
Valsalva maneuver.
Statistical methods. All analyses were cross-sectional.
Analysis of covariance was used as a means of comparing
mean levels of each of the venous measurements by means
of age category, sex, and ethnicity, adjusted for the other
two. Multiple linear regression was used as a means of
assessing the independent association of age, sex, and eth-
nicity and height and body mass index (BMI; kg/m2).
Results obtained for sex differences were adjusted for age
and ethnicity; results relating the effect of different age
groups were adjusted for sex and ethnicity; and results
relating the effect of different ethnicities were adjusted for
age and sex. All analyses were performed with the SAS ver-
sion 6.12 for Windows statistical software (SAS Institute
Inc, Cary, NC).
Reproducibility. In 21 subjects, the complete duplex
examination was repeated twice on both legs, usually on
consecutive days. The coefficient of variation (CV) for the
CFV diameter determination was 13.1%, and it was the
same for both the right and left legs.
The CV for the CFV Valsalva diameter response was
15.7%. The CV for flow velocity at rest was 16.3%,
whereas it increased to 25.7% for the post-Valsalva veloc-
ity response. 
RESULTS
Table I gives the demographic information for the
cohort. We studied 1975 subjects, 721 men (36.5%) and
1254 women (63.5%). A total of 58.5% of the population
were in the NHW group, 14.7% were in the Hispanic
group, 13.8% were in the AA group, and 12.7% were in
the Asian group. The average age of patients was 58.7
years (range, 29-91 years). The average height of patients
was 165.5 cm, and the average BMI was 26.9 kg/m2.
CFV diameter
The average CFV diameter was 11.84 mm (Table II).
There was no statistically significant difference between
the right and left CFV diameters. CFV diameter increased
during the Valsalva maneuver to 14.27 mm (P < .0001).
Age (adjusted for sex and ethnicity). Four age cate-
gories were analyzed: patients younger than 50 years (ref-
erence category), patients aged 50 to 59 years, patients
aged 60 to 69 years, and patients aged 70 years or older
(Table II). There was an overall decline in CFV diameter
with increasing age, and changes from the youngest cate-
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Table I. Demographic information for cohort
Continuous
variables Mean SD Minimum Maximum
Age (y) 58.7 11.4 29.3 91.0
Height (cm) 165.5 10.0 117.0 212.0
BMI (kg/m2) 26.9 5.2 16.2 56.4
Categorical
variables No. Percentage
Sex
Men 721 36.5
Women 1254 63.5
Ethnicity
NHW 1161 58.8
Hispanic 291 14.7
AA 273 13.8
Asian 250 12.7
gory were highly significant (P < .0001). A similar trend
was found in the Valsalva measurements.
Sex (adjusted for age and ethnicity). There was a
significant difference in the initial CFV diameter (mean)
between men (reference category; 12.90 mm) and women
(11.22 mm; P < .0001; Table II). The Valsalva response
was also different in men (15.57 mm vs 13.51 mm in
women; P < .0001). The increase was higher in men (2.67
mm vs 2.29 mm in women; P < .0001). The percentage
change, however, was virtually identical (+21% for men
and +20% for women).
Ethnicity (adjusted for sex and age). The average
CFV diameter in the Hispanic and Asian groups was sig-
nificantly smaller than that in the NHW (reference cate-
gory) and AA groups (Table II). These differences
remained during the Valsalva response.
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CFV velocity
The average CFV velocity was 13.88 cm/s at rest and
22.85 cm/s after the Valsalva maneuver (P < .0001), an
increase of 65% (Table III).
Age (adjusted for sex and ethnicity). CFV flow
velocity decreased in patients older than age 50, in whom
it was 15.37 cm/s (Table III). The CFV velocities in each
of the older age groups (50-59 years, 60-69 years, and 70
years or older) were significantly (P < .0001) lower
(13.52, 13.02, and 13.22 cm/s, respectively) than those
in the youngest group.
The mean post-Valsalva velocity response as a function
of age approached significance; it was 24.25 cm/s in the
oldest group (70 years or older) and 23.29 cm/s in the
youngest group (< 50 years; P < .07). The age relationship
was slightly U-shaped, so the response was lower in the
Table II. CFV diameter (mm)
At rest Valsalva*
No. of legs Mean SD P value Mean SD P value
All legs 3539 11.84 2.08 14.27 (+21%) 2.49 .0001
Age (y) (adjusted for sex and ethnicity)
< 50 973 12.14 1.93 Ref 14.61 (+20%) 2.25 Ref
50-59 999 12.15 1.89 NS 14.50 (+19%) 2.21 NS
60-69 822 11.61 1.72 .0001 14.01 (+21%) 2.30 .0001
≥ 70 745 11.21 1.84 .0001 13.77 (+23%) 2.36 .0001
Sex (adjusted for age and ethnicity)
Men 1306 12.90 1.81 Ref 15.57 (+21%) 2.36 Ref
Women 2233 11.22 1.89 .0001 13.51 (+20%) 2.36 .0001
Ethnicity (adjusted for sex and age)
NHW 2063 12.04 1.82 Ref 14.46 (+20%) 2.27 Ref
Hispanic 512 11.36 1.81 .0001 13.77 (+21%) 2.26 .0001
AA 502 12.01 1.79 NS 14.65 (+22%) 2.24 NS
Asian 462 11.28 1.93 .0001 13.57 (+20%) 2.15 .0001
AA, African American; CVF, common femoral vein; NHW, non-Hispanic white; NS, not significant; Ref, reference group.
*Valsalva: during Valsalva test.
Table III. CFV velocity (cm/s)
At rest Valsalva*
No. of legs Mean SD P value Mean SD P value
All legs 3539 13.88 5.87 22.85 (+65%) 10.84 .0001
Age (y) (adjusted for sex and ethnicity)
< 50 933 15.37 5.79 Ref 23.29 (+52%) 10.61 Ref
50-59 999 13.52 5.67 .0001 20.74 (+53%) 10.72 .0001
60-69 822 13.02 5.74 .0001 23.64 (+82%) 10.62 NS
≥ 70 745 13.22 5.77 .0001 24.25 (+83%) 10.75 NS
Sex (adjusted for age and ethnicity)
Men 1306 12.67 5.78 Ref 20.03 (+58%) 10.84 Ref
Women 2233 14.58 5.67 .0001 24.51 (+68%) 10.40 .0001
Ethnicity (adjusted for sex and age)
NHW 2063 13.72 5.90 Ref 22.37 (+63%) 10.90 Ref
Hispanic 512 13.97 5.88 NS 22.76 (+63%) 10.86 NS
AA 502 14.24 6.72 NS 24.75 (+74%) 10.75 .0001
Asian 462 14.07 5.80 NS 23.02 (+64%) 10.74 NS
AA, African American; CFV, common femoral vein; NHW, non-Hispanic white; NS, not significant; Ref, reference group.
*Valsalva: post-Valsalva.
group aged 50 to 59 years (20.74 cm/s) and higher in the
next age group (60-69 years; 23.64 cm/s).
Sex (adjusted for age and ethnicity). The mean CFV
velocity at rest was higher in women (14.58 cm/s) than in
men (12.67 cm/s; P < .0001; Table III).
The post-Valsalva CFV velocity response was also
higher in women (24.51 cm/s) than in men (20.03 cm/s;
P < .0001). The increase was 9.93 cm/s in women and
7.36 cm/s in men (P < .0001), which represented in-
creases of 68% and 58%, respectively.
Ethnicity (adjusted for age and sex). CFV velocities
ranged from 13.72 cm/s in the NHW group to 14.24
cm/s in the African American group (Table III). None of
the differences among ethnic groups were statistically sig-
nificant.
The highest post-Valsalva velocity response, 24.75
cm/s, was recorded in the AA group, and this value was
significantly higher when compared with that of all other
groups, with P values ranging from less than .0001 against
the NHW group, less than .003 against the Hispanic
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group, and less than .01 when compared with the Asian
group. The other ethnic groups were not significantly dif-
ferent from each other.
CFV flow rate
The CFV flow rate (Table IV) is the product term of the
measurement of the diameter and the velocity (flow velocity
× cross section = mL/s). The Valsalva flow rate reflects the
diameter during the Valsalva maneuver and the velocity
immediately after Valsalva maneuver. The average CFV flow
rate at rest was 15.18 mL/s, increasing to 24.55 mL/s with
the Valsalva maneuver, an increase of 62% (P < .0001).
Age (adjusted for sex and ethnicity). Flow rate
declined steadily with increasing age (Table IV). It was
highest in the youngest group (< 50 years), 17.59 mL/s,
gradually declining to 12.98 mL/s in the group aged 70
years or older (P < .0001).
The percentage change with the Valsalva maneuver
increased with increasing age, from 50% in the youngest
group to 81% in the oldest group.
Table V. CFV measurements at rest, multivariate models
Variable Diameter change SD P value Velocity change (cm/s) SD P value
Sex
Men Ref Ref
Women –0.859 1.32 .0001 1.810 9.59 .0001
Age: decade –0.270 1.66 .0001 –0.790 0.59 .0001
Height: @10 cm 0.566 2.61 .0001 NA NA NA
BMI: 10 units 0.719 3.56 .0001 –1.039 1.18 .0001
Ethnicity
NHW Ref Ref
Hispanic –0.519 2.10 .0001 0.382 6.61 NS
AA –0.247 2.06 .0074 +0.813 6.59 .0057
Asian –0.195 2.14 .0528 0.189 6.45 NS
AA, African American; BMI, body mass index; CFV, common femoral vein; NA, not applicable; NHW, non-Hispanic white; NS, not significant; Ref, ref-
erence group.
Table IV. CFV flow rate (mL/s)
At rest Valsalva*
No. of legs Mean SD P value Mean SD P value
All legs 3539 15.13 7.44 24.58 (+62%) 12.28 .0001
Age (y) (adjusted for sex and ethnicity)
< 50 973 17.59 7.33 Ref 26.30 (+50%) 12.49 Ref
50-59 999 15.55 7.28 .0001 23.59 (+52%) 12.40 .0001
60-69 822 13.65 7.18 .0001 24.49 (+79%) 12.31 .0017
≥ 70 745 12.98 7.34 .0001 23.44 (+81%) 12.41 .0001
Sex (adjusted for age and ethnicity)
Men 1306 16.60 7.22 Ref 25.74 (+55%) 12.59 Ref
Women 2233 14.35 7.21 .0001 23.85 (+66%) 12.11 .0001
Ethnicity (adjusted for sex and age)
NHW 2063 15.53 7.26 Ref 24.86 (+60%) 12.45 Ref
Hispanic 512 14.11 7.29 .0001 22.49 (+59%) 12.40 .0001
AA 502 16.08 7.17 NS 27.60 (+72%) 12.27 .0001
Asian 462 13.85 7.16 .0001 22.19 (+60%) 12.24 .0001
AA, African American; CFV, common femoral vein; NHW, non-Hispanic white; NS, not significant; Ref, reference group.
*Valsalva: post-Valsalva.
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smaller diameter, the Asian group had a 0.20-mm smaller
diameter, and in the AA group, the diameter was 0.25
mm smaller.
In the model for CFV velocity at rest, decade of age,
and BMI were each independently associated with de-
creased CFV velocity, whereas the female sex and AA eth-
nicity were associated with increased velocity. In contrast
with the factors influencing diameter, height and Asian
and Hispanic ethnicities did not independently influence
CFV velocity at rest. Height was not significant in the uni-
variate model for velocity and, therefore, was not included
in the multivariate model.
Table VI uses the results from Table V as a means of
estimating an individual’s resting CFV diameter and flow
velocity. For example, starting with the mean value of
11.84 mm for the CFV diameter, specific increments are
added or subtracted for sex, ethnicity, age, height, and
BMI. Thus, for a woman who is Hispanic, 65 years of age,
157 cm tall, and with a BMI of 29, the CFV diameter
would be: 
(11.84) + (–0.859) + (–0.519) + (–0.027 × 6) + 
(–0.057 × 8) + (0.072 × 2) = 9.99 mm.
DISCUSSION
Although much research has been conducted on sub-
jects with venous disease,10 little is known about the
hemodynamics of normal limbs. In this study, the effects
of age, sex, and ethnicity on various aspects of CFV hemo-
dynamics were analyzed.
Age-related information for CFV dimension, velocity,
or flow rate is unavailable. Our results (independent of
sex, ethnicity, height, and BMI in multivariate analysis)
indicate a decrease in diameter as a function of age. There
Sex (adjusted for age and ethnicity). A higher flow
rate was found in men (16.60 mL/s) than in women
(14.35 mL/s; P < .0001; Table IV). The post-Valsalva
flow rate increase was slightly higher in women (66%) than
in men (55%).
Ethnicity (adjusted for sex and age). There were
significant ethnic differences in flow rates (Table IV). The
most pronounced differences at rest were between the
NHW and Asian groups and the Hispanic group, whereas
there was practically no difference between the Hispanic
and Asian groups or the NHW and AA groups.
The Valsalva flow rate showed significant differences
between the non-Hispanic whites and the Hispanic and
Asian groups (P < .0001). The highest post-Valsalva flow
rate response was found in the AA group (in absolute val-
ues, 27.60 mL/s, and in percentage increase, 72%).
Multivariate model
With the use of a multivariate model, the effect of var-
ious factors that influence CFV diameter and velocity at
rest were analyzed. Sex and ethnicity were again treated as
categorical variables with reference groups. Age, BMI, and
height were analyzed as continuous variables. Table V
summarizes the results.
For CFV diameter, significant differences were found
for sex, age, height, and BMI. The AA, Hispanic, and
Asian groups each differed independently from the NHW
group. Independent of other variables in the model, the
CFV of women had a 0.86-mm smaller diameter than
that of men; for each 10 years of age, the diameter
decreased 0.27 mm; 10 cm of height was associated with
a 0.57-mm larger diameter; and 10 BMI units was associ-
ated with a 0.72-mm greater diameter. Compared with
the NHW group, the Hispanic group had a 0.52-mm
Table VI. Estimating individual CFV diameter and velocity at rest
Diameter Velocity
Mean value 11.84 mm 13.87 cm/s
Sex
Men +0 +0
Women –0.859 +1.81
Ethnicity
NHW +0 +0
Hispanic –0.519 +0.382
AA –0.247 +0.813
Asian –0.195 +0.189
Age (y)
< 59 +0.027 per year < 59 +0.079 per year < 59
59 +0 +0
> 59 –0.027 per year > 59 –0.079 per year > 59
Height (cm)
< 165 –0.057 per cm < 165 NA
165 +0 NA
> 165 +0.057 per cm > 165 NA
BMI
< 27 –0.072 per BMI unit < 27 +0.104 per BMI unit < 27
27 +0 +0
> 27 +0.072 per BMI unit > 27 –0.104 per BMI unit > 27
AA, African American; BMI, body mass index; CFV, common femoral vein; NA, not applicable; NHW, non-Hispanic white.
a free-living, ethnically diverse population. Our results also
provide a baseline for evaluation of changes with time in
subsequent incidence studies.
We thank Ms Xi Lien, C. Bantigue, and R. O’Halloran
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was an abrupt decrease in CFV velocity at rest in subjects
older than 50 years. Taken together, these findings explain
the marked decrease in CFV flow rate with increasing age.
Sex had a significant influence on CFV diameter. In
this report, a significantly smaller CFV diameter was found
in women than in men (11.22 mm vs 12.90 mm). Results
were independent of age, ethnicity, height, and BMI in
multivariate analysis. The percentage change of the
Valsalva response, however, was nearly the same (20% vs
21%). This finding is in contrast with some previous find-
ings,11,12 although our results are consistent with a report
by Macchi et al.7 Larger CFV diameter values (in men)
were recently reported by Marshall et al.13 Their reported
absolute values were higher than in our report. That study
was limited to 66 subjects with many exclusions, often not
related to the venous system. CFV diameter values close to
those found in this report were reported by Meissner et
al,14 although no differentiation between men and women
was made. Slightly lower values were reported by
Hertzberg et al.9 In our study, flow velocity and the post-
Valsalva response were higher in women. However, flow
rate and the post-Valsalva response were lower, reflecting
the smaller diameter in women.
Ethnicity-related data referring to CFV parameters
obtained from defined cohorts have not previously been
reported.* Similar differences were observed in the
Valsalva diameter response.
In contrast to these differences, there were no differ-
ences in CFV velocity at rest in the four different ethnic
groups, and only the AA group had a significantly faster
velocity than the NHW group during the Valsalva
response. The highest CFV flow rate was found in the AA
group, whereas the smallest value was found in the Asian
group (16.08 mL/s vs 13.85 mL/s). The Valsalva flow
rate response yielded a similar gradation. These results
reflect the diameter, velocity, and flow results from these
respective groups. The results were independent of age,
sex, height, and BMI.
Finally, a significantly positive influence of height and
BMI on diameter was disclosed by means of a multivariate
model. Similar findings were recently reported by
Jeanneret et al,2 whereas Macchi et al6 could not find any
relationship between BMI and CFV diameter. The inverse
relationship of BMI with CFV velocity has not been pre-
viously reported.
The results provide normative standards for normal
CFV anatomy and physiology in adult men and women in
*Compared with NHW, the diameter was significantly smaller in the
Hispanic as well as in the Asian group.
